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Introduction {#sec005}
============

Breast cancer is the leading cause of cancer-related death in women worldwide, with a mortality rate of 14% in female cancer patients \[[@pone.0170302.ref001]\]. A better understanding of the pathogenesis of breast carcinoma and advances in surgical, endocrinological, radiation, and chemical therapies dramatically improved the prognosis of patients with breast cancer; however, the 5 year survival rate remains low. New signaling pathways in breast cancer have been identified, and therapeutic modalities targeting these pathways may continue to improve the outcomes of cancer treatment \[[@pone.0170302.ref002]\].

Several new drugs have been developed to target specific signaling pathways in breast cancer, such as Herceptin, targeting the human epidermal growth factor receptor 2 (HER2) \[[@pone.0170302.ref003]\]. Despite promising results in clinical trials, drug resistance and genetic variations limit their further application \[[@pone.0170302.ref003]\]. Recent studies identified a potential signaling pathway named PI3K/AKT/mTOR, which plays an important role in survival, growth, proliferation, transformation, metabolism, and angiogenesis of tumor cells \[[@pone.0170302.ref004], [@pone.0170302.ref005]\]. PI3K and Akt can be phosphorylated in response to growth factors and nutrients, which activates mTOR, a highly conserved typical serine/threonine protein kinase \[[@pone.0170302.ref006], [@pone.0170302.ref007]\]. mTOR consists of two independent functional complexes, mTORC1 and mTORC2, which can be phosphorylated to p-mTOR. mTORCs directly phosphorylate and activate ribosome S6 kinase 1 (S6K1) and eukaryotic translation initiation factor 4E-binding protein 1 (4EBP1) \[[@pone.0170302.ref008], [@pone.0170302.ref009]\]. Their effect on activating 4EBP1 inhibits their capacity to repress the mRNA cap-binding protein eukaryotic initiation factor 4E (eIF4E) \[[@pone.0170302.ref010], [@pone.0170302.ref011]\]. Consequently, the main function of the mTORC-mediated signaling pathway is to regulate cell proliferation by activating ribosome biogenesis and protein synthesis \[[@pone.0170302.ref012], [@pone.0170302.ref013]\]. Abnormal activation of the mTOR signaling pathway is associated with the development of many types of cancer \[[@pone.0170302.ref014], [@pone.0170302.ref015]\] and is present in 70% of breast carcinomas \[[@pone.0170302.ref016]--[@pone.0170302.ref018]\]. Therefore, the PI3K/AKT/mTOR pathway plays a key role in the development of breast carcinoma.

The effect of dysregulation of the mTOR signaling pathway on the survival of breast cancer patients has been reported extensively in recent years. However, the role of mTOR expression in the prognosis of breast cancer remains controversial. Based on the contradictory results from different studies, the aim of this meta-analysis was to assess the prognostic value of p-mTOR expression in patients with breast cancer.

Materials and Methods {#sec006}
=====================

Search strategy {#sec007}
---------------

A literature search was performed using Pubmed, EMBASE, ISI Web of Science, and the Cochrane Library databases, covering all papers published up to November 2015. The search terms used in this meta-analysis met the following criteria: (1) Phosphorylated mammalian target of rapamycin or p-mTOR; (2) "Breast carcinoma" \[Mesh\] or "Breast Neoplasm" or "Breast Cancer" or "Breast carcinoma"; (3) prognosis or survive.

Eligibility criteria {#sec008}
--------------------

All languages were included; publications including only the abstract were excluded because of incomplete information. Titles and abstracts were examined first to eliminate unrelated studies, such as studies on cell lines or animals, reviews, and studies on other diseases. Then, all remaining articles were screened carefully for eligibility. Eligible articles were considered in this meta-analysis if they met the following criteria: (1) Definitive diagnosis of primary breast carcinoma; (2) Immunohistochemistry (IHC) or western blotting was used to measure the expression level of mTOR or p-mTOR; (3) Evaluation of studies addressing the correlation between mTOR or p-mTOR expression and breast carcinoma patients' overall survival (OS), disease-free survival (DFS), and recurrence-free survival (RFS) among women; (4) Hazard ratio (HR) and 95% confidence interval (CI) were provided or could be calculated; (5) Included the latest and most complete study when involving more than one same cohort study of patients. Either abstracts or full texts were examined by two reviewers (Li-Feng Li and Xue-Liang Zhou) independently. Discrepancies were resolved by discussion with the third reviewer (Li-Na Guo).

Data extraction {#sec009}
---------------

Eligible studies were evaluated independently by two researchers (Meng-Meng Dou and Xue-Liang Zhou), and the dispute was resolved by discussion with the third reviewer (Li-Feng Li). The extracted information was as follows: (1) first author, year of publication, nationality of patients, expression level of p-mTOR, number of p-mTOR-positive and -negative patients, histological type, clinical stage, and HR and 95% CI of OS, DFS, RFS. The quality of eligible studies was assessed using the Newcastle-Ottawa Scale (NOS).

Statistical analysis {#sec010}
--------------------

HR and 95% CI were used to assess the relationships between p-mTOR expression and DFS, OS, and RFS. Overexpression of p-mTOR was a risk factor for poor prognosis in breast cancer, especially when the HRs for DFS, OS, and RFS were \> 1 and the 95% CI did not overlap with 1. Some studies introduced the HR and 95% CI directly, whereas, in most studies, software (Engauge Digitizer Version 4. 1) could be used to analyze Kaplan-Meier survival curves and extract the HR and 95% CI values. This method was first reported by Parmar \[[@pone.0170302.ref019]\]. In addition, the Q test and *I*^2^ test were used to measure heterogeneity, which was not considered significant at *P* \> 0.05 or *I*^*2*^ \< 50%. The pooled HR of each study was calculated using the fixed-effects model (Mantel-Haenszel), or alternatively the random-effects model (DerSimonian and Laird). Provided heterogeneity existed, subgroup analysis was performed to explore potential sources of heterogeneity. One-way sensitivity analysis was used to assess the stability of the results. Begg's funnel plot \[[@pone.0170302.ref020]\] and Egger's linear regression \[[@pone.0170302.ref021]\] were used to assess potential publication bias. All analyses were performed using Stata 12.0 statistical software (Stata Corp LP, College Station, TX, USA). Differences with *P* \< 0.05 (two-sided) were considered statistically significant.

Results {#sec011}
=======

Study characteristics of the included literature {#sec012}
------------------------------------------------

Nine articles involving 3051 patients \[[@pone.0170302.ref022]--[@pone.0170302.ref030]\] were included in the analysis after assessment of duplication ([Fig 1](#pone.0170302.g001){ref-type="fig"}). Three and five studies were analyzed by multivariate and univariate methods, respectively, and one study was analyzed using both methods. In the summary analysis, multivariate data were extracted when the results involved multivariate and univariate analyses, taking confounding factors into account. Eight studies provided integrated original information of the relationship between p-mTOR expression and clinical pathological parameters in breast carcinoma directly \[[@pone.0170302.ref022]--[@pone.0170302.ref025], [@pone.0170302.ref027]--[@pone.0170302.ref029]\]. One article assessed the prognostic value of p-mTOR (DFS) in breast carcinoma by the Kaplan-Meier method \[[@pone.0170302.ref026]\]. In all studies, IHC and paraffin-embedded specimens were used. The main characteristics of the nine cohort studies involved in our meta-analysis are shown in [Table 1](#pone.0170302.t001){ref-type="table"}.

![Flow diagram of study selection.](pone.0170302.g001){#pone.0170302.g001}

10.1371/journal.pone.0170302.t001

###### Characteristics of studies on p-mTOR expression.

![](pone.0170302.t001){#pone.0170302.t001g}

  First author                             Country       Year   No.of patients(mTOR high/low)   Age(years)           Pathological types(IDC/ILC/Other)   Stage(I/II/III/IV)      The median follow-up period(months)   HR(95% CI)of DFS      HR(95% CI)of OS     HR(95% CI)of RFS    IHC positive Cutoff value   Location of cell
  ---------------------------------------- ------------- ------ ------------------------------- -------------------- ----------------------------------- ----------------------- ------------------------------------- --------------------- ------------------- ------------------- --------------------------- --------------------
  Emiel A.M. J\[[@pone.0170302.ref019]\]   Netherlands   2007   125(81/44)                      NA                   NA                                  NA                      134                                   NA                    NA                  0.6 (0.2--1.6)      ≥10%                        Cytoplasm
  MA\[[@pone.0170302.ref020]\]             China         2015   285(206/79)                     28--73               244/11/30                           I, 65; II, 220          71.8                                  0.787(0.571--1.085)   NA                  NA                  \>80%                       Cytoplasm
  Francisco B\[[@pone.0170302.ref021]\]    Canada        2015   331(145/186)                    ≤ 50,130; \>50,201   228/18/85                           NA                      NA                                    0.40 (0.22--0.72)     0.26(0.11--0.61)    NA                  NA                          Cytoplasm
  Georgios L\[[@pone.0170302.ref022]\]     Greece        2014   997(738/259)                    NA                   NA                                  NA                      105                                   0.27(0.13--0.59)      NA                  NA                  NA                          NA
  Shikha B\[[@pone.0170302.ref023]\]       US            2006   138(33/105)                     NA                   138/0/0                             NA                      60                                    3.1 (1.27--7.56)      NA                  NA                  NA                          Cytoplasm; Nuclear
  Panagiotis B\[[@pone.0170302.ref024]\]   Greece        2010   192(131/61)                     56 (25--87)          155/30/7                            48/132/12/0             NA                                    NA                    2.35(0.96--5.77)    NA                  NA                          Cytoplasm
  Shir-Hwa U\[[@pone.0170302.ref025]\]     China         2012   172(124/48)                     ≤ 45, 65; \>45,107   0/157/15                            I-II, 125               68.84                                 NA                    0.97 (0.51--1.84)   0.75 (0.43--1.3)    1--10%MSP,5--50%WP          Cytoplasm; Nuclear
  Jungsuk A\[[@pone.0170302.ref026]\]      Korea         2010   530(207/136)                    46.0 (26--85)        497/33/0                            158/264/93/15           58.50                                 0.794(0.515--1.225)   NA                  NA                  ≥10%SP,\>50%WP              Cytoplasm; Nuclear
  Karin B\[[@pone.0170302.ref027]\]        Netherlands   2014   421(89/332)                     \<65,210; ≥65,228    NA                                  I-II, 388; III-IV, 50   93.60                                 NA                    NA                  0.11 (0.02--0.55)   NA                          Cytoplasm

Abbreviations: NA, information not available; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; SP, strong positive; MSP, moderately strong positive; WP, weak positive.

Quality assessment {#sec013}
------------------

Quality assessment for eligible studies was performed using the NOS, which is recommended by the Cochrane Non-Randomized Studies Methods Working Group \[[@pone.0170302.ref031]\]. In this scale, studies are assessed based on three criteria, selection, comparability, and outcome. The quality of each study is graded with a maximum of eight stars. Grading was as follows: \< five stars represented low quality and \> six stars represented high quality. Quality assessment was performed by two investigators (Yan-Yan Chi and Shao-Xuan Wu), and any differences were resolved by Li-Na Guo. The NOS for quality assessment is shown in [Table 2](#pone.0170302.t002){ref-type="table"}. All studies had adequate selection of patients, with true representation of the average breast carcinoma patients in the community. Long-term follow-up was sufficient to determine outcomes. For the other parts, scores were similar to each other.

10.1371/journal.pone.0170302.t002

###### The Newcastle-Ottawa Scale (NOS) for assessing the quality of cohort studies.

![](pone.0170302.t002){#pone.0170302.t002g}

  RC studies                               Selection   Comparability   Assessment of outcome   Total quality score                     
  ---------------------------------------- ----------- --------------- ----------------------- --------------------- ---- ---- ---- -- ---
  Emiel A.M. J\[[@pone.0170302.ref019]\]   \*          \*                                      \*                    \*   \*   \*      6
  MA\[[@pone.0170302.ref020]\]             \*          \*              \*                      \*                    \*   \*   \*      7
  Francisco B\[[@pone.0170302.ref021]\]    \*          \*              \*                      \*                         \*           5
  Georgios L\[[@pone.0170302.ref022]\]     \*          \*                                      \*                         \*   \*      5
  Shikha B\[[@pone.0170302.ref023]\]       \*          \*              \*                      \*                         \*   \*      6
  Panagiotis B\[[@pone.0170302.ref024]\]   \*          \*              \*                      \*                         \*           5
  Shir-Hwa U\[[@pone.0170302.ref025]\]     \*          \*              \*                      \*                    \*   \*   \*      7
  Jungsuk A\[[@pone.0170302.ref026]\]      \*          \*              \*                      \*                    \*   \*   \*      7
  Karin B\[[@pone.0170302.ref027]\]        \*          \*                                      \*                         \*   \*      5

Abbreviations: RC, retrospective cohort study.

Relationship between p-mTOR expression and DFS, OS, and RFS in breast carcinoma {#sec014}
-------------------------------------------------------------------------------

Five \[[@pone.0170302.ref022]--[@pone.0170302.ref026], [@pone.0170302.ref029]\], three \[[@pone.0170302.ref024], [@pone.0170302.ref027], [@pone.0170302.ref028]\], and three \[[@pone.0170302.ref022], [@pone.0170302.ref028], [@pone.0170302.ref030]\]studies reported the HR and 95% CI for DFS, OS, and RFS, respectively. The results of the meta-analysis are shown in Figs [2](#pone.0170302.g002){ref-type="fig"}--[4](#pone.0170302.g004){ref-type="fig"}. The pooled HRs for DFS, OS, and RFS were 0.71 (95% CI: 0.40--1.23), 0.84 (95% CI: 0.27--2.63), and 0.48 (95% CI: 0.20--1.18), respectively, which indicated no statistically significant relationship between p-mTOR expression and DFS, OS, and RFS in breast carcinoma patients. Therefore, we concluded that p-mTOR overexpression was not significantly related to the survival of breast carcinoma patients regarding disease recurrence and OS. A random-effects model was used to perform the meta-analysis because of mild or significant heterogeneity (respectively, *P* \< 0.001, *I*^2^ = 81.0%; *P* = 0.002, *I*^2^ = 83.9%; and *P* = 0.098, *I*^2^ = 56.9%) among the studies.

![Meta-analysis of the overall pooled hazard ratios (HRs) of studies for the survival outcomes of breast cancer.\
Forest plot showing no statistical significance of the association between p-mTOR expression and disease-free survival of breast cancer patients from the random-effects model.](pone.0170302.g002){#pone.0170302.g002}

![Meta-analysis of the overall pooled HR of studies for the survival outcomes of breast cancer.\
Forest plot showing no statistical significance of the association between p-mTOR expression and overall survival of breast cancer patients from the random-effects model.](pone.0170302.g003){#pone.0170302.g003}

![Meta-analysis of the overall pooled HR of studies for recurrence of breast cancer.\
Forest plot showing no statistical significance of association between p-mTOR expression and recurrence-free survival of breast cancer patients from the random-effects model.](pone.0170302.g004){#pone.0170302.g004}

Subgroup analysis {#sec015}
-----------------

Studies were stratified to evaluate the HR of DFS according to p-mTOR expression by region (Western and Eastern) and the number of patients included in the study (\> 300 patients and \< 300 patients). The results of this subgroup analysis are shown in Figs [5](#pone.0170302.g005){ref-type="fig"} and [6](#pone.0170302.g006){ref-type="fig"}. For the study region, studies from Eastern and Western countries showed no statistically significant differences (HR = 0.79, 95% CI = 0.61--1.02, *I*^*2*^ = 0.0%, *P* = 0.974; HR = 0.67, 95% CI = 0.16--2.51,*I*^*2*^ = 89.4%, *P* \< 0.001, respectively). In the stratification by patients, the \> 300 group showed statistical significance (HR = 0.47, 95% CI = 0.25--0.87, *I*^*2*^ = 72.4%, *P* = 0.027), whereas studies from the \< 300 group had no statistical significance (HR = 1.48, 95% CI = 0.38--5.57,*I*^*2*^ = 81.0%, *P* \< 0.001).

![Subgroup analysis indicates that there is no statistical significance according to study region (Western and Eastern).\
Forest plot showing the association between p-mTOR expression and disease-free survival of breast cancer patients from the random-effects model.](pone.0170302.g005){#pone.0170302.g005}

![Subgroup analysis indicates statistical significance in the subgroup of \> 300 patients.\
Forest plot showing the association between p-mTOR expression and disease-free survival of breast cancer patients from the random-effects model.](pone.0170302.g006){#pone.0170302.g006}

Sensitivity analysis {#sec016}
--------------------

Sensitivity analysis was performed to assess the influence of any one study on the pooled HRs and CIs by omitting one individual study at a time. Our findings showed that the results were robust and reliable ([Fig 7](#pone.0170302.g007){ref-type="fig"}) (data not shown).

![Sensitivity analysis showed that the studies were robust and reliable regarding p-mTOR expression and disease-free survival of breast cancer.\
The analysis was performed by excluding one study at a time and calculating the pooled estimate for the remaining studies.](pone.0170302.g007){#pone.0170302.g007}

Publication bias {#sec017}
----------------

Begg's funnel plots and Egger's linear regression tests were performed to evaluate publication bias ([Fig 8](#pone.0170302.g008){ref-type="fig"}). No significant publication bias was found for the association between p-mTOR expression and DFS (Begg's test, *P* = 0.806; Egger's test, *P* = 0.954).

![Begg's funnel plot indicates no significant publication bias regarding p-mTOR expression and disease-free survival outcomes in breast cancer.](pone.0170302.g008){#pone.0170302.g008}

Discussion {#sec018}
==========

The present meta-analysis, which included nine articles and 3051 participants, assessed the significance of p-mTOR expression in breast cancer. The results showed that p-mTOR overexpression was not significantly associated with the survival of breast carcinoma patients regarding disease recurrence and OS. However, the heterogeneity of the Eastern subgroup was significantly reduced after stratification by region into Western and Eastern countries. Moreover, significant associations between p-mTOR expression and prognosis were identified in subgroups of \> 300 patients.

mTOR is a 290 kDa molecule that functions as a serine-threonine kinase to regulate cell growth and metabolism through the mTOR signaling pathway \[[@pone.0170302.ref032]\]. Aberrant activation of the PI3K/Akt/mTOR signaling pathway is involved in oncogenesis and disease progression in breast carcinoma \[[@pone.0170302.ref026], [@pone.0170302.ref033], [@pone.0170302.ref034]\]. Uenget al.\[[@pone.0170302.ref028]\] reported that p-mTOR expression is an adverse prognostic indicator in early-stage (stage I and II) triple negative breast cancer, whereas it is not statistically significant in patients with stage III and IV. Bose et al.\[[@pone.0170302.ref026]\] showed that p-mTOR overexpression is associated with a 3-fold greater risk of disease recurrence in breast cancer. Zhou et al.\[[@pone.0170302.ref002]\] showed that p-mTOR is positively associated with HER-2 overexpression and correlated with poor DFS in patients with breast cancer. Bakarakos et al.\[[@pone.0170302.ref027]\] demonstrated that p-mTOR is positively associated with lymph node status and has a negative effect on survival outcome in invasive breast cancer. However, Annovazzi et al.\[[@pone.0170302.ref035]\] found no statistically significant association between p-mTOR expression and survival outcomes. A triple negative breast cancer study \[[@pone.0170302.ref028]\] showed that the majority of tumors (72.1%) are p-mTOR positive, whereas expression of p-mTOR is notcorrelated with tumor grade, lymph node status, and stage. Activation of the mTOR signaling pathway is associated with a more aggressive phenotype in both triple negative breast cancer and non-triple negative breast cancer. In short, the mechanism underlying the effect of the p-mTOR signaling pathway on breast cancer is complex, and numerous studies are necessary to elucidate it.

The prognostic significance of p-mTOR expression has been explored extensively in many types of cancer; however, the results remain controversial. Cai et al.\[[@pone.0170302.ref036]\]reported that overexpression of p-mTOR is associated with poor prognosis in early-stage breast carcinoma patients, with 5year survival rates of 32.7% and 56.4% for p-mTOR-positive and -negative patients, respectively. Survival analysis in a study by Leal\[[@pone.0170302.ref037]\] indicated that high p-mTOR expression is associated with poor prognosis in patients with advanced gallbladder adenocarcinoma. However, Valsamo et al.\[[@pone.0170302.ref038]\]showed that early-stage lung adenocarcinoma patients with high p-mTOR expression have a longer median OS than those with low expression. A meta-analysis performed by Lei Li et al.\[[@pone.0170302.ref039]\] reported no statistically significant association between p-mTOR expression and the prognosis of non-small cell lung cancer patients. Therefore, the clinical significance of p-mTOR expression in different cancers remains unclear.

mTOR inhibitors such as everolimus, which are targeted drugs in breast carcinoma, have been extensively tested in clinical trials for breast carcinoma. Everolimus in oral dosage form has been approved by the US Food and Drug Administration for the treatment of estrogen receptor-positive postmenopausal breast carcinoma patients \[[@pone.0170302.ref040]\]. In addition, a phase III randomized clinical trial conducted by Baselga et al.\[[@pone.0170302.ref041]\] showed that everolimus combined with exemestane improved progression-free survival (PFS) in patients with hormone receptor-positive advanced breast carcinoma that was previously treated, compared with the exemestane plus placebo arm. Similarly, a phase III, double-blind, randomized, international study (the BOLERO-2) \[[@pone.0170302.ref042]\] showed that the PFS of the everolimus plus exemestane arm was 8.5 months compared with 4.2 months in the placebo plus exemestane arm. A different study, BOLERO-3 \[[@pone.0170302.ref043]\], reported that the addition of everolimus to trastuzumab plus vinorelbine significantly prolonged PFS in patients with trastuzumab-resistant and taxane-pretreated, HER-2-positive, advanced breast carcinoma. These studies are inconsistent with the results of our meta-analysis, which could be attributed to the limited number of original articles included in the present meta-analysis.

The present meta-analysis has four advantages. First, it is the first meta-analysis assessing the clinical and prognostic role of p-mTOR expression in breast carcinoma. Second, the sensitivity analysis showed no significant difference when any one article of five was removed, which indicated that the association between clinicopathological parameters and DFS was relatively stable and credible. Third, no publication bias was detected. Finally, the original cases of the included studies had a good representation in breast carcinoma through strict inclusion and screening criteria, indicating that the results of the meta-analysis were reliable.

The present meta-analysis had several limitations. First, despite the fact that all studies met the inclusion criteria, the IHC cut-off points for the detection of positive or negative p-mTOR expression were not consistent. Second, some HR and 95% CI values obtained from Kaplan-Meier (K-M) curves were not precise. Finally, as the included studies did not provide complete information about patients, subgroup analysis according to pathological type and stage was not performed; the analysis was only stratified to evaluate the HR of DFS according to p-mTOR expression by region (Western and Eastern) and number of patients included the studies (\> 300 patients and \< 300 patients).

In conclusion, compared with low p-mTOR expression, p-mTOR overexpression was not significantly related to the prognosis of breast carcinoma patients regarding OS and disease recurrence. An updated meta-analysis including a larger number of original studies may provide further insight. Future studies should meet the following criteria: first, baseline characteristics should be balanced among groups, including country, race, pathological types, stage, tumor size, lymph node status, number of patients, median age, and follow-up period, with HR and 95% CI data for progression or death, adjuvant therapy, previous sensitivity to endocrine therapy, estrogen-receptor and ECOG performance status, and metastatic site. Second, adverse events and their grade, including anemia, hyperglycemia, fatigue, and pneumonitis, should be reported. Third, a sample number \> 500 patients is needed.
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4EBP1

:   transcription initiation factor 4E-binding protein 1

CI

:   confidence interval

DFS

:   disease-free survival

eIF4E

:   transcription initiation factor 4E
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:   phosphorylated mammalian target of rapamycin
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